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TRANSONIC PRESSU]{E DISTRIBUTIONS ON THI__/_ RIGID WINGS

SIMULATING PARA(]LIDERS WITH VARIED CANOPY CURVATURE

A}_D LEADING-EDGE SWEEP

By Paul G. Fournier and B. Ann Bell

SUMMARY

An investigation has been made in the Langley 8-foot tramsonic

pressure tunnel to determine the transonic chordwise pressure distri-

bution of three paraglider models through an angle-of-attack range

from IO ° up to 90 °. Three rigid metal models simulated a paraglider

which had a basic flat pl_nform with leading ed.{es swept back 45 °.

These configurations had leading-edge sweep angles of 61.6 ° , 92.5 °,

and 48.6 ° , which resulted in one-half-circle, one-third-circle, and

one-quarter-circle curvature of the semispan tr'{iling edges when viewed

from downstream. The results of the investigation are presented as

curves of chordwise pressure distributions at four spanwise locations
for each model.

INTRODUCTION

The performance, stability, and control characteristics of para-

gliders at subsonic, transonic_ and supersonic speeds are being studied

at the Langley Research Center. Some preliminary work on the paraglider

concept is presented in references i to 4.

Widespread interest in the paraglider for applications such as

launch-vehicle recovery and terminal recovery of spacecraft has neces-

sitated detailed load-distribution data over a range of Mach numbers.

Observations of paraglider models in previous investigations have shown

that the shape the canopy assumes in flight can be closely represented

by portions of a conical surface. With this assumption, rigid metal

models of varying curvature were constructed (one-half-circle, one-

third-circle, and one-quarter-circle curvature of the semispan trailing

edges when viewed from do_uqstream) to measure the chordwise pressure

distribution over a Mach number range from low subsonic to high

supersonic.



The low-subsonic pressure-distribution data are presented in ref-
erence 5. Presented herein are results of an investigation at transonic
speeds for an angle-of-attack range from i0 ° up to 90°. Somediscus-
sion on the applicability and general characteristics of the data is
included.

SYMBOLS

The coefficients and symbols used in the presentation of the data
herein are as follows:

local projected chord, in.

b span, in.
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q

x

z

PZ

P

Cp

M

V

dynamic pressure, _pV 2, ib/sq ft

distance along local projected chord, in.

distance above keel reference plane (horizontal plane through
keel center line), in.

local pressure, !b/sq ft

free-stream static pressure, Ib/sq ft

pressure coefficient,
p_ - p

free-streamMach number

free-stream velocity, ft/sec

nominal keel angle of attack, deg

air density, slugs/cu ft
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Pressure distributions were obtained on three I/lO-inch-thick

metal and plastic models constructed to simulate a range of conical

shapes that the paraglider might assume in flight. These models are

the same models that were used in the investigation of reference 5.

The models had a basic flat planform with leading edges swept back 45 °

(area of i square foot). These configurations had leading-edge sweeps

of 61.6 ° , 52.5 °, and 48.6 °, which resulted in one-half-circle, one-

third-circle, and one-quarter-circle curvature of the semispan trailing

edges when viewed from downstream. Photographs of the models are pre-

sented in figures i and 2.

The difference in curvature was accomplished by development of the

panels of each model around a right-circular cone. (See fig. 3.) The

resulting models with panels forming one-half of a conical surface, one-

third of a conical surface, and one-fourth of a conical surface are

designated as models i, 2, and 3, respectively. Geometric character-
istics of all three models are presented in figure 4.

The right and left panels for each model were welded to a hollow

center keel which carried small pressure tubes to the canopy. The

right panel had the lower-surface pressure orifices (including those

on the leading edge and trailing edge), and the left panel had the

upper-surface pressure orifices. The location of the orifices at each

of the four spanwise stations, given in fraction of local projected

chord, are presented in figure 5. In addition, these orifice locations

are given in terms of vertical distance from the keel reference plane

and horizontal distance along the paraglider keel.

Plastic leading edges of approximately 3/8_nch diameter were cast

to each model. An auxiliary strut extended below the reference plane

of the models. (See figs. i and 2.) Wires were attached from the strut

to the leading edge of the models to reduce the flexure of the paraglider

panels. It is believed that the strut had some effect on the pressure

data at transonic speeds, especially at the higher angles of attack,

but this effect was not evaluated.

APPARATUS, TESTS, AND CORRECTIONS

The sting-supported models were tested in the Langley 8-foot

transonic pressure tunnel through a Mach number range from 0.80 to 1.20.

This facility is rectangular in cross section with the upper and lower

walls slotted longitudinally to allow continuous operation through the

transonic speed region with negligible effects of choking and blockage.
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All tests were made with the tunnel operating at a stagnation pressure

of 0.25 atmosphere. The stagnation temperature and dewpoint were

maintained at a level to preclude shock condensation effect.

The Reynolds number based on the paraglider keel length varied

from approximately i.ii × i06- to 1.2_ × 106 for the range of test Mach

numbers.

No corrections to the free-streamMach number and dynamic pressure

for the effects of model and wake blockage are necessary for tests in

the slotted test section of the Langley 8-foot transonic pressure tunnel

(ref. 6). There is a range of Mach numbers above a Mach number of 1.00

where the data are affected by reflected compressions and expansions

from the test-section boundary. From considerations of the results of

reference 7, it is believed that for Mach numbers up to approximately

1.03 the effects of these disturbances on the measurements made in the

present investigation would be negligible. No test data are presented

in the range where the reflected boundary disturbance might impinge

upon the models.

The angles of attack have not been corrected for loads on the

model} however, it was estimated that the maximum correction would be
about 0.i ° or 0.2 °.
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PRESENTATION OF BATA

Data on the three paraglider models through the Mach number range

and angle-of-attack range are presented in figures 6 to 8 as plots of

pressure coefficient Cp against fraction of local chord projected to

the plane of the leading edges and keel x/c. A short discussion on

the applicability of the pressure data is presented as well as a few

comments on the general characteristics of the data. It should be kept

in mind that the effect of the auxiliary strut has not been evaluated

in the presentation of these data.

As pointed out in reference _ for the subsonic pressure distribu-

tion of the paraglider models, the pressure data for angles of attack

up to between l0 ° and l_ °, depending on the model, will result in neg-

ative lift values on all stations. The data presented herein begin at

an angle of attack of lO o.
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Paragliders now being considered for launch vehicle and spacecraft

application have either large inflatable keel and leading edges or

small metal-tube keel and Leading edges. It is believed that the data

on the three rigid paragllders of the present paper will more closely

simulate the loads expected on configurations with rigid keels and

leading edges of small diameter.

The transonic pressure-dlstrlbution curves for these paraglider

models indicate that the peak pressures near the leading edge of the

inboard stations are in general somewhat lower and less defined than

those shown in the subsonic data of reference 5. However, the maximum

pressures for the outboard stations were slightly higher for the transonic

data. The present data also indicate that the maximum pressure varies

less with increasing Mach number. A comparison of the pressure at the

various stations showed a loss of loading near the outboard chord which

decreased with decreasing curvature of the canopy, as did the data of

reference _. These effects might be expected from consideration of the

spanwise angle-of-attack variation shown in figure 5.

CONCLUDING REMARKS

An investigation has been made of the chordwise pressure distri-

bution at transonic speeds of three rigid metal models simulating a

paraglider. In general, the over-all local distribution character-

istics shown in the present paper indicate that the peak pressures near

the leading edge of the inboard stations are somewhat lower and less

defined than those shown in the subsonic data of NASA Technical

Note D-983. However, the maximum pressures for the outboard stations

were slightly higher for the transonic data. Also, as expected, the

present data indicated a loss of loading near the outboard chord which

decreased with decreasing curvature of the canopy.

Langley Research Center,

National Aeronautics and Space Administration,

Langley Air Force Base, Va., October 25, 1961.
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(a) Side view. L-61-1732

Figure 1.- Typical test setup.
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(b) One-quarter front view.

Figure I.- Concluded.

L-61-1731



L_

I
r-I

i +_

_ a

I1)

, _
o bO

o

_l o

!

d

%

.i-I



i(3

O_
co

I

,--4
kO

I

0

I

I1)

4

0

I

o5

!

k.n



ii

gA
kO
eO

!

' \flY

I

Mode/ 3

tlJ-_

1323 ......

Mode/ 2

!

_ ' _ _J5 rod ii

Mode/ I

Figure 5.- Development of paragllder panels. Linear dimensions
are in inches.



12

J

4

/

I

0

V

o

_q

0

o

c_

o

o_

!

o

I



13

kO
co

I

L_

,q

\

I

?

v

0
__)

!



14

/
J

l
I

J

J

w-t o

,'d
!

v _

!

8_



15

_h
kO
cO

!

4

3

2

I

0

-I

w.

o

4 -I

3

2

I

0

-I 3

2

0

-l
0 I 2 3 4 ,5 6 7 8 9 I0 /I 12 13 14 15

[ on_itudinol dlst(]nceolong keel ,x, tn

(a) Model 1.

Figure 5.- Location of lower- and upper-surface orifices designated in
fraction of local projected chord c.



16

,q

,E

a
M,

"c

4

,3

2

/

0

-/

4

3

2

I

0

4

3

2

I

0

-/
0

!

r

I

3

Station 3

5 6 7 8 _ I0 II 12 13 14 15

Long/tudsnal d/stance along keel, x, in.

(b) Model 2.

I

Oh
k)1

Figure 5.- Continued.



2L

1"(

',.0
CO
,-I
I

}

v_

"G

4 " " "

J ......

2 ........

/ ........

o I I

-I 4

2 " " "

4 -t

3

i + " [ .

+

©

L_;,n_itud/nol d/stonce olonp kee/, x, In

(c) Model 3.

S#ot/on 4

Stot/on I

II 12 13 14 15

Figure 5-- Concluded.



z8

i

tttt_,__
!!

_÷÷_._

i'G .

iliill

iiiiii.

4.!!l_h

22[?_:
!!!!!!:

÷÷.÷,,
÷÷÷,,_

r_t_t

%

%

_-_
o

,-I

4_

,-'-t

0

0

4_

0.)

I

I--.

k.n



J-9

I

i

4
I])

o
rD

c;
II

v

-i-I

0

I

,S



d

,.i-I

o
r...)

d
oO

d
II

,-d
_J

,,.r-I

izl
o

r...,.)

!

d

17<,

I

(3:)

k,.jl



2..]_

!

%

%

%

,1.-t

o
r_)

d
cO

0

II

v

©

+._

0
r_

!

,.c;

,1-4



22 °,

013,..

';l::J!:t

:U:;li:
::r:lii:

",t,tr,'

!:It!!.!:
r'!ttt_r"

![!:Ii:!i
_E:1122!

ii;:li:ii
11Tttt It

t?;H;;t
::tii:;;t

tttt_lt •

_H

,f,tlt-*

*fr,lf*_

',:',llitt

!i: !:!t
i/:111 i

i!ii:!i_

Ii;ll;;_
t_r_lt,f

:trtlt.t

:tr_liil
4Hi]*!:
+ + t ++ f

_e+f+ elf,

%

,,i,4

'4
o

ro

,5
oo

c_
II

V

,,:j

I=I
o

_.)

I

!



23

kO

i

'*t

++_

_-+_

N

_+_.

.H

!'2

.,÷

,,t

_+-_

+,.

!ill
i

t:i

4

O 4 -_

O
o

6 ,
,,_

0



24

%

%

!

Go
O_



25

',.O
cO
,--I

!

i71!ili: "Tiiiii i"i
--:i-[ "` ' i_:i: _'' I ....

iiiiiiill ii!_iiii_i 1711
,.._iii:_ . _i:_i:_ I ,, _11_::

::i:::: ::: ::1 _ I :¸¸

....... i _ ....... _ ,i.

i71!1i!!! ................
-_ ii!iJiiii iiiiiiiil iii i!!!

_ i[:iii:i i

_:_i iiii iIiiifi!_o o ilii iiil

ii !iIi!i!iii
i i

i

• :]'T ..............

%

©

I:I .._
0 4_

o
0

o

I

d
©

n



2,5

_o

i!_¸i i!!i!!ii

oo___iii i_

!ii!_ii! ' _ii

T._ i:!!

,_; i; llil i;t

........li
:: _'t_ i i!i:_ii

:i_ _!,I:;! li_!_i
_i!!_ _i it_ii_

_itll

,t ,,!!1,,_!iifti_
_i _:t_,r !!_it! _i_ ;

l.!i,i.! !! !ii!_i

:lii '. i_li!_iii i;':::L:_
• : t_÷., _ , ,

%

:htl,_t,:*_i, !litliil _ _

8

v

0
r_

i

!



2'7

ND

!
J-3

o n

::!i

:;!!

I:2:

,-i
"-t

"1'

:I1:

II":

1:. i

;.i!

i:it

_f-t

!!ii

t_t

.ll;

*÷*+

!lli

;tl

@

-,-4

0

c;
II

v

0

!

,S
Q)



28

oi]

%

t_

%

o -o

0
r_

I

©
tl

!



J
°

29

cO

!

%

@

%

©

o

o
o

I!

V

-0
I:l
0

0

,.S
©



%

j o
II

!

x ,.S

e _

!



31

_,0
{10

I

%

%

%

{D

{}

t
4-}

0

II

%-
v

{}

t

o

!



....... :_! :11:

!iiii!iillii!i

121;;F;!i;
11i:_Ir:ii :I:;

i!i!!H_H +++;
i!ii!ii!ii!!_!+_!

i!iil!i!i it_

i'+_, ++-+

,",,l ++÷VI.,, , I _
_: !i!!!1ii! ....

_'_t

+i-+

o I_ 2:+'1 -[!

iii!Jl!! *l'_+'::t:

; i:;:!; :::]

"11"

,,,i+,i::ii:li: +,+,....
:_:it++ • i++_

I;:1
i:l _; 1++;I

!!'t
i+,+

i +

i

!i"

.... l!t:

1 iI;;11

¢3: --i
t_:: :i

i!l.+

_[:i ::t

+t!! !:t
++;_ +++

"tP"

+++

÷++

it-+ !t

_: iil

_-!:1
_+i, I

+'+9 ÷÷_

i-+94_i

iiii_ii

_ii: iii

!1t

I++_ .11

ii .... i

• 11 ti_

+++ ++_

5ia

%

"'!'

Ii:! _

%

%

4-_

0 -0

0
L}

%,
v

"r-t

I
b"

k.n



3]_,

33

I

@
i

%

%

%

4-)

0
o

c;
II

o
v

.1-t

0

I

,S



34

O0

_ ,,_ t_ 1. I I_ iili :

_ i!!t!!fitti!ll!iiiii_ i!li!!_!!li!t_i_tiittitfi!tli!tflltiiff_tt_titi_i_!_tt
L ._,_L._: iitli!l,_tlit41!il4il!f!itii!!l!!t_i tiitii!_i_

:I__ft-__"l_ ' I_!11t :_:i _tfi_ttitffltti![fi....t :1_,_ _iii _: : It ::_tl_:ii:i ! ,_

_:iilfiliiilHIIi._t_i!i_ !ltfitlt!tfltti_:[f_:_Itht,,t",,,t!,th_,,t),
il ::IT i!l I '_'_ii:: i: I! _, + I_:

i i! :tili!t_iit_fi,I_ttti!ti!ltltt_!tiitt._tt,t,_t,}_h_,,,,,1_,,,,_"

_ii::iti:_i!iti:_i'::_ i!i'i'ti::_l_iit'::ifi!t'i'fiitt',i_ttt*!tf)!1

ii !]]i i!] '! ii_!lj i : ! + j i t i! q ] ' '

iiljttt_I_::ti!i j::_:i!t i_ i I : i :: i! i'i ::,':[ _ *_ _: _ '_

!:rlllHt llI! 

d
o

0
0

d
II

v

d
0

-r-I

0
0

I

,d
0

r_

I



5_

_8
,.-I

!

%

@



36

{B

_B

_o

_ '1_ii ii: I?:!Z;: _:t[;

[ffi; fff

,, i,:

i_Hl';ilii1!!_!,ii_ULi!!

_d

0 4-}

0
r_

!

II

r_

!



3'7

,,-I
I

@

0

6
II

%-
v

o

I

H



38

%

4
It

.,,.4

o

!

!



39

u_

o o

%

%

_o

%

%

_4
4_

O
_D

(D

II

V

O

4_

o
_D

I



!

Go
C_

_q

°°_

%

0

o

tt

v

i i



41

cO
,...-t
!

TT_T

i::11:1

::I:!IT

il;:ti::

2-221 ] i

,,, .,4]
i::[i:11

II

,_ _ i'L!F32

1!1!['..

T _T TTTT

iiiI i!

2;;111;

_:! i:]ili !]

i,B
i

{::}

%

¢

{b

0

0

,4
II

v

{}

0
r.D

!



42

I

Go
O_

o o

o
I!

!

V



43

'4)

I

t-

::i

it
It:

_H

I _ +

_+;
I_ .++

i

ii

_H

i++++

_+_

. +-+-_

LI,

+_+

+++

f+T
+.+
+.+

H!
++.

_i+

I+.
t++

:H

+++

H +

_.f

.++
+ff

!U

:U

;+H;

H!i

it::

+++

t_t

tt_

.,+

.++

44-_

"N

i

.!i!_!!!!i!_

++++++÷-++._+

' _+ ++ +H++P?+++++h

,,,,,,*Itt_tt

F!z

I;-
+.

4_

4_

i]:
t-l:

i!:

!
t_

I:

i

i:i
:;I

ii! m

;_+"

ii:
1:

;4

0

6
O4

II

V

@

.,-4
4-_

0
r_

I

,S



44

@

i!ii

%

i!
_i!il

i!!i

iiii

!i!I _

i!iii_

0
0

II

0
v

,,,-4
4_

0
0

I

,.d

r_

i



45

kid
CO
,-I

I

i ii_i

,!ilia!,

i!ii!_
ii!iil _

_!ii!ii!

!,
, l.,i2

iilil
-iU,!!
!: L::

%

!!ii!iiiitiiiiiii!i

% "?,

0

e, _S

It

v



46

%

!

%



47

u'x
_0
cO
,.-4

!

v_

oo_

4._,_-_¸1_!i!i

i!itlii_i

_iiiitl iii
_iiill!!!i

L_ _

:II iii

_" .... !i:

0

v

o

I

,.d



48

@

t

J

il ::

::L:

;i i:
:: t:

i; !;
t_

"i]
;I :1

5S
I;"5

;l ;1

:! :!
'2K

;I i
;2 :

li"

I: :i

ii: ti

%

.o

0

A
II

V

0
0

I

,.d

!

k.n



4L

49

,-4
I

o_

,++,

'i[

.!,

+++

+++
+++

+

1:4

.++

++.

_++

4++

,IL

++4
_+÷+

::!i
::i+

++++H_+,,

+

%

@
%

4
0

o

o
0

6
Od

II

4
<D

0

0
0

!

,S



rrt,'t_t
r,_,-ttt

i!iiiil_ .......
I!!!P-

HHI:;I _::;H

'rr[rr
;TII11:; ......

.... It.......
_!!!+

!!!!:

_ 222i

t_!kz_!i!!!
++++_

IHH:
T!!!_

"iti!!! '[i !ii t

HHI;i_ :i_HH

:t!lt*rt !!!it

i]::;H
I;;HH:

_ffft-+
tttttttl

iiiii]]i

_TN!;;
4T,,qt

lil;}ii_

H÷+*,H

It!;HH

!'!I!!
:;;;H:

_Hf!:

tH+,_++

:"'It!i
f_*t4+,4

:;IH_!I

_Hll!ii

÷_fftl_
HHHI

!!!!ttt

?ftt!t_

,

;il
_H

if! '_

,!ii

!:z
::I

'Ii
Ii:

ii ,
i!:
l!i %

F

II! '_

H_

O

-O

oJ

,-t

co _,,
c_ o-_

II -I_
,a o

o

N

I

I1)
%

,r-t

I

k.n



.51

u'_
',,O
c_
,-I

!

:ii:

:H:
:l!:

:i!!

*,,4

:X.t.._

::!i

N

,4+*

_:t
tt:t

;:11

121T

qb

t!!_.t:|t:
........ [

:II:_tI11

"t!!:i!!!

.u4 I_!!H

t.:H::_l:

_ttttttl:

: H

tt_tt'.!tt

:=iIMI!Ii
..... '!

::i!!_.!!:
::][2_[!:

; 11_IJ.,t'-_,I

O

d
cO

d
II

,-g
¢,

O

I

¢.



52

%

ff

::ii

!,,
! ,

_÷_

'r_-

::If

i:!i

t::t

I1 ; %

!!::

_1_
i,

:Ii:

::I]

4_ %

:ili t_

t,_t .

ifT2

11;;
:_JJ %

0 4-}

0

8 ,

0

II

-,--t

v

I

uI



.53

kO

i

.........Iiii....

........ I::I iii,,,-1 ....

iii!ilil..... +. i++

....... Ii

.... i!i

;IL: II;

.... +, . I.:_ :il

o ,, ..... _: 5!! i:l.+
r+;ir+J _ it.+ :++

!i!!ii!!........... t
.... tp-i

..... ++

 +Ji

;++iI:_+1:

I::++:t;

• + _,.+

i , , ii +

ti:5 _

, , +_,

:1;2 2&;
_,. .+,

li: ;11
iii ++
.... i++

i.+1

.... i1t

:!II::iI_i,
I::1

%

:I Ii:

i:: +1 _

,_ ii +

.... ++

ii! :

:ii ,_11

_,, +-!
!tl _;:

N

• ++_ Mi

tr-

.... I+

i

tN

I::!f
%

u"

_T

!:i

i:i

i,
i,.

l:i:

+11'

'iii

:!!t
!:!

+i!

ti"

.ii

+++

II:

-1!
:!1

+ii!iiiii!iiii!iiii'iiii [iii

ii ii! i!iiir.--

..... _•+,,+,

',o

jLL t::_::

+I;I i+ii ::i

_iil::=:+:::

i::! %

:II;

i_ti==...._++iiiiiill _

+ , , _ I + . + .. _ 4

O

-,.-t
4._

o
o

cO

c;
II

v

O

,r4
0
inl
0

0

I



94

00 %

{

.... ;i

_tl":!t
_I., t

ttl'11t

lint

 iil
;M:III

tffl_i _ f

_I|t;tt:

itt_tI:

!!!_;

t fl_t tft

_tld t

5_iiii

tfi"

!!I: _
;_

ii_. to

i!ii ,,

_i:
iii: %.

!I!I

it!:

.+t_.t

}!it

tt_1

+÷_.

!!!i

+_.

0 .0

0

co t-:-
0

®
II

v

|:



55

I

%

.,,-4
4a

o
0

cO

II

V

¢)

4J

o

I

%

r_



_6

o Q

IIi:

[;:!

t,.ll

2

?¢i::

;:ll
![i! _

%

_;ffr

;:!

%

d

,,r.,i

o .._

o
r.3

d ,
co
d

©
II N

I

k J1



_7

kO
co

!

OO

%

%

%

o

0
r_

cO

0

II

-H
4._

0
r...)

I

t':-

ID



_8

!_'!!:
.-t,.

--:r

t.tt
t,tr
_.+_

it-t

,t+.

i,i'

:iii
:!F!

flil

::I!
z;$!
:-tr

rr!

trot
tHt

tt,t

._t-

:!!:

i!;;l,t
11,,
iit,

i!::

ii;i

H:;
!t't
il.i

ii:i
+e :

I+,t

tt-!
tt÷l ¢_

Li:! *i

.... Ii

II

!!_!!i
:i ti

144iI
;ti: _i

:tr :,

ii! ti
"' t?
f,f f*

U_!:1 ii
!!t i:

i;t H

i_?i !i

*_*]i
H:
"" H
÷+,

!!T !

ili _i
_lf .t

,il

.!!

"_t ::

:1I ::!

:ii :1

_!i ii.1+

!!! :_

It! :!
! :i

% i i

..... _iiti

:i:11

t_tl

H H_Ht_ !| lid!
_[;;[;:!i]i

r1511T::,_
tt_1

!!!it;?i!il
..... _:

:1I:
_ff}tlt'tt:

Tttf_$4;_H
-_q|H;:H

i!lit!!iiti
-.-bttttZtt

tt Ill
_f.flii_iti
fftft_fff,,f

ttTtl!ltftf

!tt_tiitt:
!¢fflfiTltt

::ttt_f!tt,
!tt_:i_ttL

Fri t lt_f T tl

f}_ttil_iti

fi

i.

:i
:I

:1

:I

:I

_T

t+
It

tt
tt

i-
r_

r_
II

!

v

I

8_
kJ1



_9

r-i
!

i

4
¢1

0
ID

d
II

©

.I-I

1=1
o

rj

I

t:



60

i
%

%

4_

Q

c;
II

r_

o

!

!
i-J
Go
O_

_j_



61

L,_

{::0
,-'t

I

,¢

0 r'l

.... iii, _.11.t f,

::;]::;]2 i!];. :2'

i!::!:ii _

i!5ili5ii 51!51!!5

......... !!i!!!!!

2:- 1;2:2 .....

TiiTTTIiiiT_!H!i

ii:il!iiii]i!!!!ii

!:r
:i!

:it:

!!i

,r,

H_

÷÷÷

4-*--

i1

_+
i i ,

lt

L:4

T]]T_]

t''t'',"

! i!ili!
:::111:2

iii!iiii

ii!i1:::

iiiiil];

iii:ti!_

¢_::t:U

%

d
0

o

o
o

d
U

v

d
I1)

4->

0
0

I

0



62

!

Go
O_
k.n

II

o
v

o
c.)

!



63

oO
,-4

I

©

:!-

2:

:iti_

L:_:2

:it!i:_

"i-,;j : : :

4.*4.+-

_:!+t!!

:+:::::

.++*÷+

4-}

o _
o

I

"2



64

eo

%

%

d
®

0

d
11

v

d

o

I

!



6_

_0
cO

!

0
_J

II

v

0
rJ

!



66

!

_o
O_

%

0
_._

0
__)

!

II

V



6T

!

@

%

o

J
II

.-g
v

0

I

t-:-



68

uj
",4

o 13

t_

+_

_-t41

lt/-t
J,_t4 ;

+++_

_÷_

H_t-

TH_
_':t!

f;tlq

T:.U_'

:lttt

t_

%

4

0

5
II

V

4

.._

O
t.3

!

b-

f_

r_

I



69

LC_
_D

I

4

0
r_

d
It

-g
V

0

I

t'-

r_



7o

013-..

%
,

i %
o

I2

+÷.

21

+

tq

[+ m
+21
+
++.
++
_m
_L

++

d
0

II

d
oJ

+_

0
_D

I

I



71

,=4
I

o,,l

8

u.,, %
o

')'*') i;;
"'÷ff'i

*;...... i!i

tt"

:!i:]ll: :;I

_::!I i!i
:! I '4T

t,,) ,.4

__= T-+
tt_' ::

:;rrIt:

_+_

ii:_l;: !ti

........ ii!

........ :If,_,,tT:

H[!_,i_: :,H
-tf),tf,

r:t)rttt

;!l[_t!i :L+
:![i:!;:
_t[i:ll
t;:t[::l :I!
_+,t),.) I:

........ ii

........ iL

........!i
:L2:k[L2

@

t.+),,it t,,t,._

'++)"_) [F:I :!
........ '++.!h_
++++'_-4

,,-,-.,li?211iI!ii

...... _??_:

tttl

_iflIT!?!Iii:
i!!!!!i!H_IIII_

l!ii2;
;;;HH

+;.?Fi T :+
_fflIi!)frill)i;
F!ItTTTFITi!_4

.... :_t li!h!!

.... 'T1! _!

tCt, tTFHTI'

....... iiiiiii_

+*÷+ ++4_ +_++
tttff tttl +tl!tttt

w÷+t+*,,

il)i...."""

,_Tt

:]H,++t _._*,-+
_,_?!!! ffi!Ti!:
4i!!ti!t!!I!!Iil

.-_++,+,

ttftfft-"

t-;i!.i:,
tr.tt.tt. •

.-++_++.t

Tt11:1::
i!!l!il!i _

;UT_'Ttl

;!!ifll

!f;ttFI1

4

¢)

.,--, .,-,
0 +_

0
{_)

_ • t'--
,'-I

" _

_ v



72

o

!

_n



T3

_0
cO
,-4
I

%

o

11

X

,d
V

==

0

I



74

!

%

c_

il

v

O

!
o

t_

_J

r_



75

!

o []

4_

0

S

II

v

(.)

I



76

!

c_
0_

qL_

%
ors

c_
C_J

,-4

II

_J
V

,rl

o
rj

!

_J

F_



77

!

%

+_

o
c.)

S

,---t

i1J

0
r_)

I

.r..t

%



78

|

k.T

0 -_

0

S ,
_1 •

,-4

II

%

%



79

u_
ko
a3

I

01_ _.

o

d
oJ

ii

V

d

o

!

t_



8O

!

%



81

,-t
!

rd

o

0

OJ

,-I

II

v

o

0
rj

!

[..-

QJ

-,-I

%



82

@

QO

0

11

v

f..)

-p

0

,--t
0.)

0

0

.-rt

-0
I11

_.)

!

d

I



83

I

%

o []

4a

o

0

II

X

v

0

I

d



84

oo

4-_

0

0

0

v

!



8_

cO
,--I

!

o G

o

0

II

V

d

.¢-I

.._

0
t_

I

d



86

!

%

%

IlJ

0

s_
0

II

itl

0

I

_d



87

!

u_ °1"I ?

i::I ::t;

..it *,,-

-.tt *t.-

"'+'TI::
ill?it::

-,11

::il :Ii:

F:IT:_

::t: 1I;:

if: ii:!
,I.- if*.

i!ti iii_

, "!fi

tt::

...... tt

tt÷t r:1_

t_

::i

:!1
"_t

-,i

"!1
-!!

:tl
:'j

-il

::!

22]

!.!

_3

TT

2Z

:i
:!

"f

:1

-t

:!

i!

:1

ii

!i:

if

!i:

d

.,p

o

0

H

V

d

!

d



88

!

oo

o

.,-4

0
o

0

II

v

o

0

0
0

I

cO

o
N



89

I

oi'I

+++++_

X_ 14

• ++÷ ÷ ++,

iL,+h_

:;ttt_l T+-*t _' r;tttl]l

:.it!ti
%

0 4-}

0

0



90

On

..... 4.U
E1

.... !t

U: i?

!! ?TTT!"t!_ I

....... U

_b -..

{L ;;:_,

!i....
!!......
'[ Ii;;:

ii!!_i!
!t _,',:H

!i
ti_tif

:" 2-4211

!111!I2

HHi

1; _L2

,t

Z_

Hrrl

B,I

-r'.l

0

0

0
I11

,,r.t
r_

I

8_



91

k,o
co
,.-i

I

0q

01_ _.

!:i

li,

i !
,,i

4I:

_X

:ii!

:Ii:

:;I

I:

,i

!

_L2

i
x_

:t

.i
_t

:ti

@

%

%

©

o

o

II

v

-p

0

_._

!

_S

r_



92

o_

%

4
(IJ

-0

o

0

I1

X

0

I

_S

r_

!

k J1



93

!

oo_

ttt.

it-.

:iFr
ill:

:i't!
41"*

+4 **

41.*

!IT:![:]I

+÷.+t,,_+

!Im_+!!iI
tttlttttt

;_!![i{!i

!!:!$!!H

!!tt![:!!

iiiiii?ii

_!itlitt:

,bt:H;_tt

t_Htt[l:

TT-,TI

:: [::i:

i :LL'._42

a:.!7=,T.
11tttt_1

?, ,.1"

!: ;t:t:

J!:_ ;i;;

t::t

:11: ......

_:,t:i
!!t!t[!iit

**,tt._t+1

t:!!i'!t:!

:!!:tt!?!l

I_:][:11t]

%

q_

,'d

0
r._)

0

II

V

¢1

o_
0

I

E

-r'l



94

!

Co
C_

o o

%

o
_D

H
!

,.,.4

%



'43
CO

I

h,"

o n

[E]t!;iE

11ttttT1
4 ,* _,- I f

_:ltt;!:

i!ii!_i1

1i!ti!:

tii_!iii

tt_;t

l_:ii!;;

filttlr:
ili;H:i
it:if:l;

4.}

0

tO

%

V



96

!

r_

0_

c_
It

QJ

O
r_

!

c_
Q_

r_

i
%



7L

97

!

3_
oI_ _

%

0

0
0

0",

d
II

X

,la

0

0

!



98¸

!

0
c_

II

V

-H

!

CO

i



99

!

o o

0

O_

c_
II

,o

'TH
4_

o_
!



/00

-,-,

0
r.o

S d

II

v

!

_n

I



i01

L_

i

U_

0_"_

_i!i!f! _, _'t __L_i_i

, , @

iitltt!iTii:l:ii_i

t!!'t!:_ i!il!iit

i!_i!!i

ii:i!:_i!

_iff+_f++7

_i!ii!ii

i!!_tt!_it

t_

#

%

4

,-t

0
_.)

S
It

4

-el

0

I

_d



102

%

c_
O_

c_
II

C.}

v

¢J

0
r_>

!

¢)

!

%



1o3

kO
cO
,4

i

ii!!i _t¸It!_It!iii!t
it_ - '!i, .ii

+_T, .+trl,d

U!I..........IZ_: t4H :tt!1!HU-4Z_-

_ii_....... i!_iHtiit "_

 i i!liii!!ii   ............iii

o _ _ii l! ._'_!_iit_,_

!_!i_!!!_ii!_!__
iiii!!ifi i _i H_t_

2;

_tl"

H

H

d_

:;fill]

:!1t tt*itt*

t''1 tit '.1ti

tlffl !:itt_

tf_f ltt:lt

_ *XX-t..t _

_+4-+

_* :;!!t:d

++_-+ +..-

; ;$; I; :444 _

*.4÷*+

e_

_c3

%

4

O
r.3

d

S

,2
v

4

-0

0

!

_d



104

!

og
o_

0
v

QO

o

!



z0_

!

o

0
o

S
II

o
v

o

0
o

!
i



lo6

e_

oo

%

!

8_
_n

°
h



I

_3

.in

o_

0

_g

tN



lO8

_4
!

kJ1

o
c_ ,
OX

II

v



1o9

cO

I

;_¢,_',,I

tt_111

ii,ii

*+++*,
t¢tttt

:Tilt,

!!!;F

tti_?"

_ttt_

t*i[!:

+._++_

*I_HT

-_+++
_÷++++

_TTI_

iH:tT

ITt11

!!tT!t

+ + ._+

#it!t!

:tl_T

%
i @

%

%

d

.r-i

0

d
0"_

II

V

d

+a

o
t.)

i



llO

t t

rj

Gr_

c_ c_

r_

_j
v

!

8_



Ill

!

%

4o

0 40

d ,
o, d

II

V



i12

!

kn

+_

r.)
0

°

0

X

V



8L

I

oo

h_
i

c_
l

i

*++++++-_

+÷+++, ÷ +

 iIIiI!
tt_tl!*

_++++_

b+,_+ ++ +-,

,_+_ _+_+

t_

fll

_S

0

II

V

-,-4

!

_S



i14

t_
!

Oo
O_
k.n

II

!

v



!

o D ..

_t
_t

L_

_t

f?

!i

4¢
t:

i.

t:
2L
+_

22_

H:
Ii:

[i:

% %

k_

L:;

t;

XL

it

i
_t

:!

ii
il

:t

xt
_t

-,

i

i

£-

_2

:i

_4
"I

+_

0
_D

0

,-t

II

,,-.t

0

!



i16

!

4

_-_
0 4_
U

0
_D

_ ,
0 • _d

%



!

q

%

0

,-4

II

,"al
v

]-]-7

0

I

eO



118

!

k31

%

4J

_J

0

il

_d
V



I

on_

©

]-]-9

4o

o_ ,_
0

ID

d ,
o. d
,-4

II



!

0

r_

V



121

I

o _
o -_

o

_ ,

,--t

, , _



122

%

!

o o

%



ie5

kO
cO
,-4
!

00..

7:T_:l:!i:::ii:

_-_t !i.. t_

•_..... r ::

::i: :::':::[{[HII: ;i,: ii

!!it !:H:Hi! _!:

IE!: !!:2!!:!1 .... !
;;17 :;22_:22:'

,-_: ii_;_;&12 ii:i i:

_4-: !!U_tT! t ?tt: t t

;1_: it!it!Sit ;ii!

_ :'TTr71tt _B!2

i!:i ff!FH;H FF!ft!

r:T! ¢-tr!Ut: TT:r

;:

++.+_,_** ,++.

I;:: ',;;I;::;; HT:

_?:? • i t I !!.L:4

i2+i 2;1iii[',: _i, I [i

T:: _":] .... 111

,--.-._ t L _ii,iiL

_:;_,:,rr_ !_tLti}t!

...... 7_

7_TtUI

21;,.+_::; ........

, i iiii!!_

@

144 ,+412:1;4- ;,_444 t, : i : ;

!!:i Ii;_::_I; °_

....:_:1i.', ::;

:ff::::::::::::J

HH H:!::_:7:!!71::i
14442:4_ _,:4444!!

;;;: :H'.IN2;Jl ,_IIIili;

;;',; ' t' . .L-

ii!* ...............
iiii ii!iii!:ilJii!!i!!i_

Fi!F!!:TH::1,T!:!!!:1_

!:ii !!f!!!!:÷_.2i!:!!i

%

to

4
o

0
o

c;

,--t

II

v

d

0
0

i

d



124

._:_

OO

e_

0 +_

_ 0

IIJ

!

k.n

, , ta_



125

I

,L

#

i

_L
H

r-

H
12

_T

÷+

F

i

t.;;{£

: ;I.L;
2!:_iT

:;
,*+_+.

_HtH

;:H2;

i!!!!!

-_t_tt

it-2t;_
I;T;H

_i!iit
!_:H"

_ 0



126

@
%

_i_.l_ _.

J ili _ !

tt_tJ_ tt_b+

Tm,:,!N:

t_tt_ltt_t

++1+

I t I1 H#ttilt _

t t 1Nttt tt_

HttH_HtH

4_iiiii_: : :

4444_
t-t t4_ t_

ftffft_m-

i

%

4

., d

0

CY •
• cO

II I-i

v

I



127

I

t

[:itt:;

0

II

v

I

E
ID

Nt



128

o o_
_D

II

V

|



91,

129

kO

!

o13 ,.

_L

_5

-0

C_

r_

II

_r_

_o

I

r_



z_

t+_
-_+

+_

+++

trT _

lttl

Iftl

i![i

H++
,t++

:iM

+H

++,

;}t

++_

¢t:

*+,

+-+

+_

*,+

@

_H

_fr

.t+

_ +

÷÷

_+_

+H

444

tt?

_H

ttt

,,+

t t_

Nd

-el

_q

II

V

d

!

d

f_

!

O_



1}1

_,0

c_
I

%

%

0 .1_

c; °
• d

,-4

II

%



132

!

4

rj
0

rj

,-t

II

,I-I
r_

v









<5

:a

fl)

O_

!

0

(1)
v

X
II

i-J

0

C_
0

o

!

k.n


